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Summary 

Viola cunninghamii comes into flower in October and at first bears chasmogamous 
flowers. Near mid-summer it changes to the production of cleistogamous ones. In 
artificial perpetual long days it produces only cleistogamous, and in short days only 
chasmogamous flowers. The flowering in either day length is still, however, seasonal 
in that no flowers develop in the period without vegetative growth that precedes 
the spring flush. 


Introduction 

We have found topsoil from Mt Flagstaff an excellent potting compost when 
phosphate is added. Of the numerous volunteer seedlings that have appeared, 
one revealed its identity by the sudden appearance of capsules unheralded by 
flowers. They burst in the tri-valvular manner of Viola — a reminder of one of 
Gamer and Allard’s earliest records of photoperiodism, for they remark in their 
first (1920) paper on the subject that a common violet of the eastern States, 
V. fmbriatula, could be made to continue flowering through the winter by artificially 
lengthening the days, but that it then only produced cleistogamous flowers. 

In G. M. Thomson’s “Naturalist’s Calendar” (1909) there is reference to 
c our native violets . . . producing later in the season . . . imperfect flowers . . . 
closed and self-fertilised’. Thomson elsewhere (1879) describes the cleistogamous 
flowers of both V. cunninghamii and V. filicaule. He observes that a succession 
of flowers with petals in spring, followed by cleistogamous and reduced flowers in 
high summer, is also characteristic of most of the Northern Hemisphere species 
of the genus. This seems a most significant generalisation, for up till then I had 
found surprisingly few clear instances of photoperiodism in New Zealand plants 
and the single one placed on record (Holdsworth, 1959) has no direct parallel 
in any northern species. In these two New Zealand violets it seemed that cleistogamy 
must owe its seasonal incidence to the long days of summer, thus providing an 
exact match to the photoperiodism of V. fimbriatula. 
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Materials and Methods 

The original seedling from Mt Flagstaff was identified as V. cunninghamii 
Hook. f. (Allan, 1961). Except for some of the same species from the Maungatua 
Range, all the experimental plants were its progeny. The seedlings were pricked 
out singly into pots of Flagstaff soil and divided among four treatments: natural 
days in a cool greenhouse; natural, perpetual 8-hour, and perpetual 16-hour 
days in a warm greenhouse. The artificial daylengths consisted of daylight alone 
for the short day (9 a.m. to 5 p.m. daily), and the same extended by weak 
electric light for the longer day. The temperatures were not fixed: the ventilators 
in the cool greenhouse were kept wide open day and night throughout the year, 
while those in the warm greenhouse were only opened when the temperature 
inside rose above 20° C. and, in addition, heating was provided when the 
temperature fell to 10° G. In the summer months the warm greenhouse would 
reach about 35° each day, but in winter was not often above 25°. The cool 
section was often no cooler than the intended warm house on sunny summer 
afternoons but in the winter it would often stay below 15° for many days together. 

As greenhouse space was limited, the experiments were all small, usually with 
only four plants in each treatment. However, new ones were started whenever 
space became available, and the original one was continued a full two years. 
Flowers were picked when recorded. 


Results 

Viola cunninghamii proved to be a deciduous perennial, leafless between June 
and September out of doors. The winter buds are composed of the stipules of 
about 12 inhibited leaves. There are no true bud scales; even the outermost 
members have fully delineated blades rolled up between the stipules, and complete 
their expansion in the spring to become the first leaves of the new foliage. 

The plants died down in the greenhouse also, but later than outdoors; those 
in long days lay dormant only a few weeks before growth was renewed in 
September. In leaf, the plants were more compact and darker green in short days 
than in long. In the cool and out of doors, they were smaller still. 


Table I.—Flowering Season of Viola cunninghamii. The intermediate month is that in 
which a change from chasmogamous to cleistogamous flowers occurred. 

The batches of plants are identified by the number in brackets. 


DAY- 

LENGTH 

NATURAL 

LONG 

SHORT 

ENVIRON¬ 

MENT 

OUTDOORS 

COOL HOUSE 

WARM HOUSE 

1961- 2 

1962- 3 
1962-3 
1962-3 

1962- 3 

1963- 4 

Oct-Dec-Apr (5) 

Sep-Nov-May (4) 
Oct-Nov-May (5) 
Oct-Nov-Apr (41 

Oct-Dec-July (1) 
Sep-Oct-Jun (1) 
Oct-Nov-Jun (2) 

Oct-Nov-Jun (1) 

Nov-Scp (1) 
Sep-July (I) 
Sep-Aug (2) 
Sep-July (3) 

Sep-July (1) 

Oct-Apr (1) 
Oct-Feb (1) 
Nov-Feb (2) 
Oct-Apr (3) 

Oct-Mar (1) 


Every leaf has a flower bud in its axil, well differentiated and easily recognisable 
quite soon after the inception of each leaf initial. The flower buds start to grow 
again with the leaves at the end of the winter so that, in every treatment, the 
flowering season began only a few weeks after the new leaves appeared. In long 
days it continued to within a week or two of the time the leaves died down again 
at the end of the next winter, but in short days flowering ceased in the autumn, 
the exact time varying rather widely, not only between plants, but from year to 
year as shown in Table I. In natural days, the flowering season was intermediate 
in length, and was extended by about a month in the warmer house. 
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1 SEP 1 OCT I NOV 1 DEC I JAN I FEB I MAR 1 APR | MAY 1 JUN I 


HO 

I 5 

-1 

-4 

-1 

I 10 

-5 

-1 

-10 

-5 

-1 


Average 

no. of flowers per 
plant per four weeks 


Warm, long days 


ChasmoO 

Cleisto- IZ3 


Warm, short days 

□ 


Warm, 

natural days 


Cool, natural days 


Text-fig. 1 .—Viola cunninghamii. Production of flowers 1963-4. 


Text-figure 1 is a diagram of flower production for only one season and one 
experiment, but is representative. Comparisons among the four treatments of 
the absolute numbers of flowers produced are complicated by treatment differences 
of plant size, but it is probably safe to say that the short-day plants were always 
less floriferous. In that treatment, too, most flowers were produced at the opening 
of the season, whereas in the others, flowering rose to a maximum and tailed off 
only after midsummer. 

The effect of daylength on cleistogamy was clear: in natural days the season 
began with chasmogamous flowers (Text-fig. 2, F and G) and changed to cleistogamy 
(Text-fig. 2, A-D) before midsummer, but in short days only petalled flowers 
appeared, and in long days all were usually cleistogamous. Odd plants did 
occasionally behave out of character: one plant in long days produced three petalled 
flowers in succession in April (1962) and one more the following August. Another 
plant in the same treatment also bore some petalled flowers then, and continued 
to do so until it stopped flowering at the end of the month. In the last season, 
as shown in the diagram, flowering in long days was begun by two plants, which 
both produced petalled flowers during the first month. Conversely, in short days , 
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flowers occasionally had only rudimentary petals: one plant produced two such 
flowers in February 1962, and another produced similar ones through most of 
December 1963. 

Most likely, these anomalies were temperature effects: low temperatures could, 
to some extent, offset long days and, conversely, high temperatures could counteract 
short ones. In mid December 1964, some three weeks after plants in the garden 
had turned exclusively to cleistogamy, chasmogamous violet flowers were still 
abundant on the slopes of the Maungatua Range at all altitudes above about 200 
metres. In these colder situations a longer day must be needed to bring about the 
change. 



Text-fig. 2.—A, B, and G: parts of a dissected cleistogamous flower before fertilisation. 
From A, all the sepals, the two staminodes and one of the stamens have been removed to 
show the style turned over to present its stigma to an anther lobe. It is not at this 
stage, however, joined to the anther. The ovary is about Jmm long. B: Posterior stamen 
lying in the posterior sepal. G: A staminode from a flower of the same age as A. D: 
Fertilised ovary with the three stamens tied to the stigma by pollen tubes and carried up by 
it as the ovary grows. The ovary is about 2mm long. E: Ripe fruit dehiscing. The ovary 
is now 6mm long. F and G: Chasmogamous flowers. The ovary in G is 1.3mm long. 


At that time, of course, the summer days were already close to their longest, 
yet change to cleistogamy does eventually occur on the mountains also. Temperatures 
generally go on rising into January, and so may be supposed to offset the falling 
daylength after the solstice. On the other hand, the onset of cleistogamy is an 
induction effect. If plants from the perpetual long-day treatment were moved 
into short days, they did not revert but continued to produce cleistogamous flowers 
to the end of the season which was, however, curtailed compared with that under 
long days. In nature, likewise, violets do not change back to chasmogamy in 
the autumn. So it is possible that, although on the hills cleistogamous flowers do 
not appear until after mid-summer, they are actually induced while the days are 
lengthening. 
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Discussion 

These observations support the conclusion that cleistogamy induced by long 
days is a general feature of the floral biology of the genus Viola. Verification of 
control by daylength in places so far apart as Maryland and New Zealand leads 
one to suppose that the operation of the seasonal change is brought about by this 
same factor in all the Viola species in which the system occurs. Viola comprises 
about 400 species (Melchior, 1925) widely distributed in both hemispheres. 

Although daylength determines only the type of flower, and not whether 
flowering takes place at all, the onset of the flowering season for most temperate 
zone violets seems to be markedly seasonal and, moreover, at roughly the same 
time of year. Garner and Allard (1923) say that “very short” days inhibited 
the flowering of V. papilionacea completely, but this does not explain a flowering 
season (Fernald, 1950) which, like that of V. cunninghamii, begins after the 
equinox. Eight-hour days, though shorter than any V. cunninghamii would experi¬ 
ence in nature, did not prevent it flowering and, indeed, did not noticeably even 
disturb the time of its flowering. The cause of spring flowering of other violets 
would seem to be as obscure. As the flower initials are already present in the 
winter bud, it may be supposed that, whatever the cause, it controls flowering 
only indirectly, its primary action being to promote the renewal of vegetative 
growth. However, neither completion of winter chilling, nor increasing daylength, 
the common causes of bud-break in the Northern Hemisphere (Wareing, 1956), 
were experienced by the plants in the fixed daylength treatments, so presumably 
these are not the operative factors for V. cunninghamii. The European species, 
V. odor at a, can be forced in heat to resume growth and flower in early winter 
(Church, 1908), but V. cunninghamii started flowering almost independently of 
temperature beginning in the warm greenhouse each year not more than a fortnight 
earlier than out of doors. 

On the flowering of Fuchsia procumbens, 1 remarked (1959) that it showed 
a most unusual relation to daylength: daylength controlled the number of flowers 
produced, yet did not affect the earliness of the flowering season. V. cunninghamii 
now seems to be an exactly similar case: we have again a winter-deciduous 
perennial which starts to flower soon after vegetative growth is renewed each 
year, in which the plants flower longer and more abundantly in long days, but in 
which the flowering season, like the renewal of leaf growth that precedes it, is 
remarkably faithful to the calendar date, irrespective of imposed daylength, and 
largely so of imposed temperature conditions. 

Seasonal flowering undisturbed by manipulation of the daylength is not, 
however, confined to deciduous species: I have noticed it in Libertia ixioides, 
Arthropodium cirrliatum and Gentiana bellidifolia. Conversely, I know no example 
of seasonal flowering in the New Zealand flora that can be attributed to a daylength 
response. 

Long days have proved the most important determinant of summer 
flowering in the north temperate zone. It begins to seem unlikely they will prove 
so important in the south. Having previously sought with little success for good 
examples of daylength sensitivity among New Zealand plants, I have upon occasion 
toyed with the idea that long-day sensitivity evolved in the Northern Hemisphere, 
and when taxa using it extended their distribution southwards, they lost the 
property in passing through the tropics. Viola, obviously, would have to be an 
exception. Yet its case is perhaps significant. Its response is, after all, not a 
suppression of flowering by short days, but only a change in the kind of flower 
produced. The petalled flowers of V. cunninghamii, and of most other species, 
do not often set seed but are not completely infertile (Moore, 1958, for V. lactea ), 


174 


T ransactions — Botany 


Vol. 3 


so it is not impossible to believe that Viola could have crossed the line without 
having to jettison the daylength mechanism, though temporarily denied its expres¬ 
sion. Indeed, if the critical daylength for the change to cleistogamy is diminished 
at higher temperatures, the expression even may not have been completely 
suppressed. So a character that was originally an adaption to summer long days 
could have been retained in the invariant daylengths of the tropics. If the control 
of seasonal flowering like the control of cleistogamy is common to the members 
of the genus in both temperate zones the origin of Viola might instead be visualised 
in the Southern Hemisphere. 
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